Introduction
============

Prostate cancer (PCa) is a common malignancy in male patients. Statistics have shown that ([@b1-ol-0-0-10102]) PCa is second only to lung cancer in middle-aged and elderly male malignancies. PCa patients in the United States have surpassed lung cancer patients and it has become a malignancy with the highest incidence ([@b2-ol-0-0-10102]). Although the incidence of PCa in developing countries is not as high as in developed countries in Europe and America, it has shown an upward trend in recent years and has gradually developed towards a younger trend ([@b3-ol-0-0-10102]). Data have shown that there were 1.1 million PCa patients in the world in 2012, of whom 307,000 individuals succumbed to the disease ([@b4-ol-0-0-10102]). At present, PCa patients are mainly elderly people, and studies have shown that the incidence of PCa in patients over the age of 60 has increased significantly ([@b5-ol-0-0-10102]). However, the risk factors for PCa are not completely clear except for age, race and heredity.

The prostate is an important androgen-dependent organ, and the target and signaling pathways mediated by androgen and its receptors play a key role in the growth and development of the prostate ([@b6-ol-0-0-10102]). Currently, the main treatment method for PCa is to inhibit the secretion of androgens in patients by surgery or drugs, thereby reducing androgen level ([@b7-ol-0-0-10102]). However, most PCa patients undergoing castration therapy will turn into castration-resistant PCa, which further deteriorates the patients\' conditions and imposes a great burden on their families and themselves ([@b8-ol-0-0-10102]).

MicroRNAs (miRs) are non-coding RNAs approximately 10--22 nt in length and more than 1000 are known to exist in the human genome ([@b9-ol-0-0-10102]). By binding to the 3′UTR end of the downstream target gene messenger RNA, the target gene is degraded or inhibited during the translation, which has a regulatory effect on the cell growth and differentiation of the body ([@b10-ol-0-0-10102]). Findings have shown that miRs that participate in the occurrence and development of a variety of tumors have an important regulatory effect ([@b11-ol-0-0-10102]). miR-200c is a member of miR-200 and it plays a key role in the growth of various tumors ([@b12-ol-0-0-10102]). For example, miR-200c is highly expressed in the serum of ovarian cancer patients and is expected to become a biomarker for the diagnosis of ovarian cancer.

However, reports on miR-200c are rare in PCa. Therefore, this study evaluated the effect of miR-200c on the proliferation, invasion and apoptosis of PCa LNCaP cells using RT-qPCR. The results showed that, the low expression of miR-200c is beneficial in the inhibition of the proliferation and invasion of LNCaP cells *in vitro* and to promote apoptosis, which may be a potential target for prostate cancer biotherapy.

Materials and methods
=====================

### Main experimental reagents, instruments and cells

PCa cell line LNCaP and normal prostate cell line RWPE-1 were purchased from the Shanghai Institute of Life Sciences. RPMI-1640 culture solution, fetal bovine serum (FBS), trypsin and penicillin-streptomycin double antibody were obtained from Gibco Co. (Grand Island, NY, USA). miR-200c primer sequences, miR-200c mimics (mimics), miR-NC control vector and miR-inhibitor (inhibitor) were all designed and synthesized by Shanghai Jema Corporation (Shanghai, China). RNA extraction TRIzol reagent and transfection kit Lipofectamine™ 2000 were purchased from Invitrogen. Thermo Fisher Scientific, Inc. (Waltham, MA, USA); Annexin V-FITC and cell counting kit-8 (CCK-8) kit were obtained from Shanghai Biyuntian Institute of Biotechnology (Shanghai, China). Transwell chamber was purchased from Corning Corporation (Corning, NY, USA); SYBR-Green PCR Master Mix kit was from Applied Biosystems (Foster City, CA, USA); the microplate reader SpectraMax M5 was from Shanghai Meigu Molecule (Shanghai, China); ABI 7900 PCR amplification instrument was purchased from Applied Biosystems; and flow cytometry CytoFLEX LX was from Beckman Coulter, Inc. (Brea, CA, USA).

### Cell culture and transfection

LNCaP and RWPE-1 cells were cultured in RPMI-1640 medium (10% FBS, 1% penicillin-streptomycin double antibody) and in a thermostatic incubator at 37°C and 5% CO~2~ to observe cell growth. When the cells adhered to the wall and their fusion reached 80--90%, they were collected, washed with PBS, digested with 0.25% trypsin and added to RPMI-1640 culture solution (10% FBS) after digestion to culture. The LNCaP cells at logarithmic growth phase were grouped and transfected. The experiments were divided into 3 groups. miR-NC (NC group) transfected empty plasmids, miR-200c-mimics (simulation group) were transferred into the simulation sequence, and miR-200c-inhibitor (inhibition group) into the inhibition sequence. The cells were transfected according to the Lipofectamine™ 2000 manufacturer\'s kit instruction and collected at 48 h after transfection for subsequent experiments. The study was approved by the Ethics Committee of Shengzhou People\'s Hospital (Shengzhou, China).

### CCK-8 detection of cell proliferation ability

The CCK-8 kit was used for detection of proliferation of each group of cells after transfection. The main steps were as follows: Cells in each group at 48 h after transfection were collected and inoculated in a 96-well plate for 24 h. Cells (5×10^3^) were inoculated in each well. The day the cells adhered to the wall was recorded as the first day, and CCK-8 solution (20 µl/well) was added at 1st, 2nd, 3rd, 4th and 5th days, respectively. After the addition of the reagent, the cells were cultured in an incubator (37°C, 5% CO~2~) for 4 h. The OD values were measured using a SpectraMax M5 microplate reader at 450 nm for detection of cell proliferation, and the growth curve was plotted. The experiment was repeated three times.

### Transwell chamber detection of cell invasion ability

Transwell chamber was used for detection of invasion ability of the cells in each group after transfection. The cells at 48 h after transfection were collected and inoculated in a 24-well plate. The cell density was adjusted to 5×10^4^ cells/well (200 µl serum-free culture solution) and added to the upper chamber, and 400 µl of the culture solution containing 10% FBS PRMI-1640 to the lower chamber, and incubated at 37°C and 5% CO~2~ for 12 h. After the incubation, non-migrated cells on the membrane were removed with a cotton swab and then washed with PBS. The migrated cells at the bottom of the membrane were fixed with 4% paraformaldehyde solution for 10 min, washed with PBS and stained with 0.5% crystal violet for 10 min. With 95% ethanol as the solvent, it was gently agitated at room temperature for 6 h. The migrated cells were then quantified under light microscopy (Olympus Corporation, Tokyo, Japan), the cell invasion of five fields was calculated, and the average value was obtained for comparison. The experiment was repeated three times.

### Flow cytometry detection of cell apoptosis

The Annexin V- FITC apoptosis detection kit was used for the detection of apoptosis of the cells in each group after transfection. The cells in each group were transfected for 48 h to make a single cell suspension and washed with PBS, and centrifuged at 3,000 × g for 8 min at 4°C to remove the supernatant, resuspended again and incubated at room temperature. It was fixed with an equal volume of ethanol (75%) for 20 min and washed with PBS. Five microliters of Annexin V-FITC and 10 ml of PI were added for incubation for 60 min at 4°C in the dark. CytoFLEX LX flow cytometry was used for detection of cell apoptosis. The experiment was repeated three times.

### miR-200c expression in cells

Total RNA was extracted from untransfected LNCaP and RWPE-1 cells and each group of cells at 48 h after transfection using TRIzol reagent. A UV spectrophotometer (Bio-Rad Laboratories, Inc., Hercules, CA, USA) was used for the detection of RNA concentration and total RNA was transcribed into cDNA using the kit as 2 µl 10 mM dNTP, 0.5 µl RNase inhibitor, 0.5 µl miR reverse primer, 0.5 µl U6 reverse primer, 4 µl 5X buffer, 0.5 µl M-MLV (Promega Corporation, Madison, WI, USA). Transcription method was performed according to the manufacturer\'s kit. The transcribed cDNA was used for PCR amplification and its system was configured according to the manufacturer\'s instructions. PCR reaction conditions were: Pre-denaturation at 95°C for 10 min, denaturation at 95°C for 30 sec, annealing at 60°C for 30 sec and elongation at 74°C for 30 sec for a total of 40 cycles. The real-time fluorescence quantitative PCR detection was performed using ABI 7900 real-time PCR amplification instrument. With U6 as the internal reference, the relative expression of each group was calculated using 2^−ΔCq^ and three reactions were performed for each sample ([@b13-ol-0-0-10102]). [Table I](#tI-ol-0-0-10102){ref-type="table"} shows the primer sequences used in the present study.

### Statistical analysis

In this study, SPSS 20.0 software package (Shanghai Kaibei) was used for statistical analysis of the collected data. GraphPad Prism 7 software was used to plot all the pictures of this experiment. The measurement data are expressed as mean ± standard deviation (mean ± SD), the Students\' t-test was used for analysis of comparison between the two groups, and variance for analysis of comparison among multiple groups with LSD test. P\<0.05, indicates a statistical difference.

Results
=======

### miR-200c expression in each group of cells

In this study, the relative expression of miR-200c in LNCaP and RWPE-1 cells before transfection and in the NC, simulation and inhibition groups of cells after transfection were detected, and it was found that the relative expression of miR-200c in LNCaP cells before transfection was significantly increased compared with RWPE-1 cells, and the difference was statistically significant (P\<0.05). The difference was statistically significant in the relative expression of miR-200c cells among the NC, simulation and inhibition groups after transfection (P\<0.05). In addition, there was a significant decrease in the inhibition group, as well as a difference between the inhibition, NC, and simulation groups (P\<0.05). A significant decrease in the NC group of cells compared with the simulation group was also identified, which was statistically different (P\<0.05) ([Tables II](#tII-ol-0-0-10102){ref-type="table"} and [III](#tIII-ol-0-0-10102){ref-type="table"} and [Fig. 1](#f1-ol-0-0-10102){ref-type="fig"}).

### Proliferation in each group of cells following transfection

Proliferation in each group of cells after transfection was detected using CCK-8. It was found that there were differences at the 2nd, 3rd, 4th and 5th days of cell growth among the NC, simulation and inhibition groups (P\<0.05), among which the growth ability in the inhibition group of cells was significantly suppressed. Additionally, there was a difference between the inhibition, NC, and simulation groups (P\<0.05), and the proliferation ability in NC group significantly decreased compared with simulation group, and there was a statistical difference (P\<0.05) ([Fig. 2](#f2-ol-0-0-10102){ref-type="fig"}).

### Effect on cell invasion ability after transfection

The invasion ability of each group of cells after transfection was detected using Transwell chamber, and it was found that there was a difference in the three groups of cells (P\<0.05), among which the number of passed membrane cells in the inhibition group was significantly smaller than that in the remaining two groups, with a statistical difference (P\<0.05). Additionally, there was no significant decrease in NC group compared with simulation group (P\>0.05) ([Table IV](#tIV-ol-0-0-10102){ref-type="table"} and [Fig. 3](#f3-ol-0-0-10102){ref-type="fig"}).

### Cell apoptosis after transfection

By flow cytometry detection of the apoptosis ability of each group of cells after transfection, it was found that there was a difference in the apoptosis rate among the NC, simulation and inhibition groups (P\<0.05), of which a significant increase was evident in the inhibition group. Additionally, there was a difference between the inhibition, NC, and simulation groups (P\<0.05), but there was no statistical difference between the NC and simulation groups (P\>0.05) ([Table V](#tV-ol-0-0-10102){ref-type="table"} and [Fig. 4](#f4-ol-0-0-10102){ref-type="fig"}).

Discussion
==========

PCa is a global malignancy of male with a high incidence. Statistics have shown that there were approximately 180,890 new PCa patients in the United States in 2016, and approximately 26,120 patients succumbed to the disease ([@b5-ol-0-0-10102]). The early clinical symptoms of PCa are not obvious, and when the tumor is too large to block the urinary tract or invade to the bladder neck, there is a severe lower urinary tract infection. In the late stage of tumor, many patients experience tumor metastasis, the most common of which is bone metastasis, which is often accompanied by bone pain and fracture ([@b14-ol-0-0-10102]). As with other solid tumors, the main cause of death of PCa is due to cancer metastasis that is a complex physiological process, including factors such as changes in cell micro-environment, cell movement and cell growth ([@b15-ol-0-0-10102]).

At present, the treatment method of PCa at the middle and late stage is mainly chemotherapy, but it is found during the treatment of PCa that PCa tumor has a poor sensitivity to chemotherapy, which leads to the emergence of drug resistance during long-term chemotherapy, resulting in less than expected effect ([@b6-ol-0-0-10102]). The main diagnostic method of PCa is rectal examination ([@b16-ol-0-0-10102]) of serum PCa-specific antigen (PSA) ([@b17-ol-0-0-10102]). Early screening is based on rectal examination combined with PSA examination. However, the subjective nature of rectal examination requires the experience of clinicians for many years, and the early diagnosis of it before the formation of nodules is prone to missed diagnosis ([@b16-ol-0-0-10102]). PSA, as an important serum marker of PCa, has a high sensitivity that results in a low specificity, and it may increase in patients with prostatitis or other prostate diseases ([@b18-ol-0-0-10102]). Studies have shown that ([@b19-ol-0-0-10102]) the diagnosis rate of PCa is \<30% with PSA concentration between 4--10 ng/ml, and PSA can easily lead to over-diagnosis and over-treatment of PCa. Therefore, there is a large study space for the diagnosis and treatment of PCa, and the occurrence and development of it and its molecular mechanism are still unclear, so it is of great significance for clinical treatment and diagnosis to probe into the main mechanism of PCa.

As a class of endogenous non-coding single-stranded small RNA, miRs mainly present in eukaryotes and can regulate target genes through transcription ([@b20-ol-0-0-10102]). Based on the binding of specific target mRNA 3′-UTR and its target gene specificity, the target gene mRNA will be degraded or the translation of it will be inhibited, so as to regulate its post-transcriptional expression ([@b21-ol-0-0-10102]). Increasing number of studies have proven that miRs play an important role in the occurrence and development of a variety of cancers. Studies have shown that miR-409-3p/-5p significantly increases in PCa tissues but miR-375 expression is low, suggesting that there is a difference in expression of different miRs in PCa ([@b22-ol-0-0-10102],[@b23-ol-0-0-10102]). miR-200c, one of the five members of the miR-200 family, is an important regulator of epithelial-mesenchymal transformation. In addition to its role in normal cell phenotypic transformation, miR-200c expression is differential in many cancer cells. For example, high expression of serum miR-200c is associated with poor prognosis in lung cancer patients ([@b24-ol-0-0-10102]). However, there are few studies on miR-200c and PCa, and it is unclear whether miR-200c regulates PCa. Therefore, we aimed to discover the biological function of miR-200c in PCa through this investigation.

The miR-200c expression in PCa cells and normal prostate cells were detected, and it was found that they significantly increased in PCa cells compared with normal prostate cells, and the difference was significant. In study of Vrba *et al* ([@b25-ol-0-0-10102]), it was shown that miR-200c in normal prostate tissues was lower than that in cancer tissues. In study of Tao *et al* ([@b26-ol-0-0-10102]), it was shown that miR-200c was also highly expressed in PCa patient tissues, consistent with our findings. We transfected prostate cancer LNCaP cells and observed changes in cell biological function after miR-200c. Promoting cell apoptosis and inhibiting cell proliferation are currently important ideas for clinical treatment of tumors. Through detection of each group of cells after transfection, it was found that by inhibition of the miR-200c expression can effectively reduce cell proliferation and promote cell apoptosis rate. Ali *et al* ([@b27-ol-0-0-10102]), showed that curcumin inhibited the proliferation and apoptosis of PCa cells, which was significantly reduced by detection of the miR-200c expression in cells, suggesting that low expression of miR-200c can inhibit PCa proliferation and promote apoptosis. Cancer metastasis is a major cause of cancer exacerbations in the late stage. Through detection of cell invasion ability, it was found that inhibition of the miR-200c expression had a significant inhibitory effect on the invasion ability of cells. Burk *et al* ([@b28-ol-0-0-10102]), showed that inhibition of the miR-200c expression by ZEB1 inhibited the invasion ability of PCa cells, which is consistent with our findings, suggesting that down-regulating miR-200c can reduce the invasion ability of PCa cells.

However, there are still some defects in this study. First of all, the number of cells *in vitro* experiments was small. Secondly, more in-depth studies were not conducted, and the target genes and related pathways were not tested and validated. Therefore, in future studies, we hope to collect clinical specimens to validate our results, and test their target genes and pathways to further explore their mechanisms, laying the foundation for future clinical treatment and diagnosis.

In conclusion, the low expression of miR-200c is beneficial in inhibiting proliferation and invasion of LNCaP cells *in vitro* and promoting apoptosis, which may be a potential target for PCa biotherapy.
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![(A) Relative expression of miR-200c in LNCaP and RWPE-1 cells. RT-qPCR detection showed that the relative expression of miR-200c in LNCaP cells increased significantly, and there was a significant difference between the LNCaP cells and RWPE-1 cells (P\<0.05). There is a difference between the two groups (\*P\<0.05). (B) miR-200c expression in each group of cells after transfection and RT-qPCR detection showed that the relative expression of miR-200c significantly decreased in the inhibition group, and there was a difference between the inhibition, NC, and simulation groups (\*P\<0.05), and it significantly decreased in NC group of cells compared with simulation group, indicating a difference (P\<0.05). \*P\<0.05 indicates the difference between the two groups.](ol-17-05-4299-g00){#f1-ol-0-0-10102}

![Proliferation in each group of cells after transfection. Proliferation in each group of cells after transfection was detected using CCK-8 kit. It was found that there was a difference in the proliferation ability at the 2nd day of growth between the inhibition, NC, and simulation groups (P\<0.05). It was significantly decreased in NC group compared with simulation group, and there was a difference. a, indicates that there is a difference compared with NC group (P\<0.05); and b, indicates that there is a difference compared with simulation group (P\<0.05). CCK-8, cell counting kit-8.](ol-17-05-4299-g01){#f2-ol-0-0-10102}

![Effect on invasion ability of each group of cells after transfection. The invasion ability of each group of cells after transfection was detected by Transwell chamber, and it was found that the number of passed membrane cells in inhibition group significantly decreased, and there was a difference among the three groups (P\<0.05). There was no significant decrease in NC group compared with simulation group (P\>0.05). \*P\<0.05 indicates the difference between the two groups.](ol-17-05-4299-g02){#f3-ol-0-0-10102}

![Cell apoptosis of each group after transfection. By flow cytometry detection of the apoptosis ability of each group of cells after transfection, the apoptosis rate in inhibition group was significantly higher than that in the NC and simulation groups, and the difference was significant (P\<0.05). There was no statistical difference between the NC and simulation groups (P\>0.05). \*P\<0.05 indicates the difference between the two groups.](ol-17-05-4299-g03){#f4-ol-0-0-10102}

###### 

Primer sequences.

  Gene         Upstream primers          Downstream primers
  ------------ ------------------------- ----------------------------
  *miR-200c*   5′-GGATAATACTGCCGGGT-3′   5′-GTGCGTGTCGTGGAGTC-3′
  *U6*         5′-CTCGCTTCGGCAGCACA-3′   5′-AACGCTTCACGAATTTGCGT-3′

###### 

Relative expression of miR-200c in LNCaP and RWPE-1 cells before transfection.

  Groups                            LNCaP cells   RWPE-1 cells   F-value   P-value
  --------------------------------- ------------- -------------- --------- ---------
  Relative expression of miR-200c   2.353±0.468   1.025±0.058    4.878     0.008

###### 

Relative expression of miR-200c in each group of cells after transfection.

  Groups                            NC group      Simulation group   Inhibition group   F-value   P-value
  --------------------------------- ------------- ------------------ ------------------ --------- ---------
  Relative expression of miR-200c   2.284±0.584   3.584±0.845        0.584±0.095        19.143    0.003

###### 

Number of passed membrane cells.

  Groups             No. of passed membrane cells                                                                            F-value   P-value
  ------------------ ------------------------------------------------------------------------------------------------------- --------- ---------
  NC group           97.51±10.58^[a](#tfn1-ol-0-0-10102){ref-type="table-fn"}[b](#tfn2-ol-0-0-10102){ref-type="table-fn"}^             
  Simulation group   119.58±13.9^[a](#tfn1-ol-0-0-10102){ref-type="table-fn"}^                                               23.058    0.002
  Inhibition group   58.36±8.37                                                                                                        

Indicates that there is a difference compared to inhibition group (P\<0.05)

indicates that there is no difference compared to simulation group (P\>0.05).

###### 

Cell apoptosis (%).

  Groups             Apoptosis rate                                                                                         F-value   P-value
  ------------------ ------------------------------------------------------------------------------------------------------ --------- ---------
  NC group           12.84±5.32^[a](#tfn3-ol-0-0-10102){ref-type="table-fn"}[b](#tfn4-ol-0-0-10102){ref-type="table-fn"}^             
  Simulation group   18.35±5.94^[a](#tfn3-ol-0-0-10102){ref-type="table-fn"}^                                               6.088     0.036
  Inhibition group   33.67±8.61                                                                                                       

Compared to the inhibition group (P\<0.05)

indicates that there is no difference compared to simulation group (P\>0.05).
